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(57) ABSTRACT 

A cylindrical ring-shaped friction disc contains a Support 
body, at least one friction layer, and in each case an interme 
diate layer arranged between the support body and the friction 
layer. The intermediate layer has mutually adjoining flat 
regions with different coefficients of thermal expansion. A 
method teaches how to produce Such afriction disc, and to the 
use the friction disc as parts of brake and clutch systems, in 
particular for motor vehicles. 

8 Claims, No Drawings 

  



US 9,046,138 B2 
1. 

FRCTION DISCS HAVING ASTRUCTURED 
CERAMC FRCTION LAYER AND METHOD 
OF MANUFACTURING THE FRCTION 

DISCS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a continuation application, under 35 U.S.C. S 120, of 
copending international application No. PCT/EP2011/ 
074196, filed Dec. 28, 2011, which designated the United 
States; this application also claims the priority, under 35 
U.S.C. S 119, of European patent application No. EP 
10197217.2, filed Dec. 28, 2010; the prior applications are 
herewith incorporated by reference in their entireties. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to friction discs with a structured 
ceramic friction layer, particularly brake discs containing a 
ceramic Support body and at least one friction layer, wherein 
the support body and/or the friction layer may be made of 
carbon fiber-reinforced ceramic materials (carbon ceramic), 
and a method for production thereof. 

Carbon ceramic brake discs with ceramic friction layers 
are known from European patent EP 1 273 818 B1, corre 
sponding to U.S. Pat. No. 7,445,095, among other sources. 
European patent EP 1 251 290 B1, corresponding to U.S. 
patent publication No. 2002/0153213, describes friction 
discs of such kind in which the friction layer is provided with 
recesses, which may be radially trapezoidal, spiral or involute 
curved, elliptical, circular or polygonal in shape and help to 
improve cooling of the carbon-ceramic brake disc. A shaped 
body made from fiber-reinforced composite materials with a 
segmented cover layer is known from European patent EP 1 
314708 B1, corresponding to U.S. Pat. No. 6,908,660. In this 
case, the ceramic segments are preferably separated from 
each other by webs or web-like regions made from a material 
that is different from the friction material. The average diam 
eter of the segments is preferably at least 3 mm, and the 
thickness of the webs is preferably 0.1 mm to 10 mm. Friction 
discs with a structured friction layer wherein the friction layer 
is divided into segments by grooves are known from Euro 
pean patent application EP 2 213 902A2. Here, the width of 
the grooves is between 0.1 mm and 5 mm, and the depth 
thereof is at least 0.4 mm. Such friction discs exhibit 
improved response to wet conditions. 

It was found during the studies that led to the present 
invention that the response to wet conditions and the devel 
opment of a stable coefficient of friction when the brake 
lining comes into contact with the friction Surface of a carbon 
ceramic brake disc in the presence of water or aqueous solu 
tions or aqueous slurries still needs improvement. 

BRIEF SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide 
friction discs having a structured ceramic friction layer and a 
method of producing the friction discs which overcomes the 
above-mentioned disadvantages of the prior art methods and 
devices of this general type, especially a carbon ceramic 
brake disc, in Such manner that both the response to wet 
conditions and the development of the coefficient of friction 
thereof may be improved. 
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2 
With the foregoing and other objects in view there is pro 

vided, in accordance with the invention a cylindrical annular 
friction disc. The cylindrical annular friction disc contains a 
Support body, at least one friction layer and an intermediate 
layer disposed between each Support body and friction layer. 
The intermediate layer has contiguous areal Zones with dif 
fering coefficients of thermal expansion. 

It has been found that the objective can be achieved by 
selected structuring of the expansion crack microstructure of 
the friction layer that is formed during cooling of a friction 
disc, particularly a carbon-ceramic brake disc, containing a 
Support body with a matrix including silicon carbide and at 
least one friction layer, preferably one friction layer arranged 
on each of the upper and lower cover surfaces of the cylindri 
cal annular Support body and attached areally thereto after 
treatment thereof with silicon. 
The different thermal expansion properties of the materials 

of the support body and the friction layer or layers attached 
thereto typically result in the formation of a random crack 
pattern in the friction layer during cooling after siliconization 
with liquid silicon at a temperature above 1420°C., the melt 
ing temperature of silicon, that is to say when the temperature 
is reduced by at least 1,000 K. 

If the friction layers are perfused by a crack pattern that is 
formed in a determined manner, also referred to as “inten 
tional” in the following, that is to say deliberately and not at 
random, the response to wet conditions and the development 
of a stable coefficient of friction in the braking system con 
sisting of the brake linings and the brake discs when the brake 
lining comes into contact with the friction Surface in the 
presence of water may be influenced in such manner that a 
stable braking behavior is achieved within a response time of 
less than 2 seconds, more particularly within 1 to 3 seconds, 
with a coefficient of friction that is less than 50% lower than 
for dry braking. Moreover, no increase in this response time 
was observed as the period of use of the brake disc increased. 
The sharp fall in the coefficient of friction to as low as 25% of 
the value for the same functional pair under dry conditions 
with a friction layer that is not deliberately structured may 
thus be avoided. 

It was found that the targeted formation of a crack pattern 
characterized by the width of the cracks between the raised 
segments in the friction layer that are surrounded by the 
cracks as well as the size and size distribution of these seg 
ments may be controlled via the composition and thickness of 
an intermediate layer or adhesive layer located between the 
friction layer and the support body, the intermediate or adhe 
sive layer being interposed between the friction layer and the 
support body when the green bodies for support bodies and 
friction layers are assembled. 

This intermediate layer or adhesive layer otherwise only 
served to fix the at least one friction layer, in the case of a 
carbon ceramic brake disc on the porous, carbon-fiber rein 
forced Support bodies before the Subsequent processing steps. 
Such an intermediate layer is known for example from pub 
lished, non-prosecuted German patent application DE 44.38 
456 A1, wherein an insert consisting of a porous, cellulose 
based pyrolysable material, but which may also be a non 
woven or a carbon mat may be positioned between the Sup 
porting body and the friction layer of a multilayer carbon 
ceramic brake disc during production. The intermediate layer 
covers the entire contact surface between the Supporting body 
and the friction layer. During siliconization, the intermediate 
layer is initially carbonized when heated in the absence of 
oxidizing gases, and then infiltrated with silicon together with 
the friction layer (or friction layers) and the support body, 
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wherein at least some of the carbon formed when the material 
of the intermediate layer is pyrolyzed is converted into silicon 
carbide. 
The intermediate layer is now required to fulfill a new task. 

Structuring the intermediate layer, which was homogeneous 
in the documents of the prior art, into layer Zones with differ 
ent coefficients of thermal expansion, for example, by using 
different material compositions such as by adding silicon 
carbide powder or carbon powder to the adhesive compound 
or adding different binders to the adhesive compound, differ 
ent mixture ratios of phenolic resins and pitches for example, 
tensions are created in the intermediate layer between the 
friction layer and the Support body during cooling after sili 
conization, which tensions result in the selective, that is to say 
intentional, formation of cracks in the ceramic friction layer. 
The thermal expansion differential may also be achieved in 

a preferred manner by an intermediate layer that contains a 
woven fabric of filament bundles, preferably made of carbon. 
The carbon filaments are bundled in the usual way, wherein 
the typical filament yarns with 3,000, 6,000 or 12,000 fila 
ments per strand of yarn (3 k”, “6 k”. “12 k”) are used for 
preference. Since the coefficient of thermal expansion in the 
longitudinal direction of these filaments differs significantly 
from the coefficient of thermal expansion perpendicular 
thereto (in polyacrylonitrile-based carbonized filaments— 
longitudinally 0.6-10K to 0.75:10K and transversely 
8-10 K to 9-10 K), if the number of filaments per 
strand of yard and the bonding in the woven fabric are chosen 
appropriately, a tension pattern can be set up in the interme 
diate layer that results in the formation of intentional cracks 
upon cooling. In addition, it is preferably also possible to 
leave free Zones between each strand in both the warp and the 
weft so that a mesh-like weave or braid is created with spaces 
between the individual weft and warp yarn strands. 

The structure of the intermediate layer imposed in this way 
results in an expansion crack microstructure that is defined 
intentionally, that is to say formed according to a plan, in the 
friction layer during cooling after siliconization, and this in 
turn, with a Suitable choice of dimensions, leads to an 
improvement in the development of a coefficient of friction 
when braking in wet conditions. In this context, the speed 
with which the coefficient of friction is developed may be 
influenced in a Surprising manner by the size of the contigu 
ous Zones of the friction layer, the contiguous friction layer 
Zones being separated from each other by the cracks. It was 
found that the speed of development of the coefficient of 
friction is approximately inversely proportional to the size, 
that is to say the average dimension in the plane of the Surface, 
of the contiguous friction layer Zones. 

Therefore, the invention relates to afriction disc containing 
a Supporting body and at least one friction layer, and one 
intermediate layer each arranged between the Support body 
and the friction layer, wherein the intermediate layer has 
adjacent areal Zones with different coefficients of thermal 
expansion. The difference in the thermal expansion of adja 
cent areas with a different thermal expansion is preferably at 
least 5% of the higher value for the coefficient of linear 
thermal expansion, preferably at least 10% of this value. A 
Zone in the intermediate layer that extends in a plane perpen 
dicular to the axis of symmetry or rotation of the cylindrical 
annular friction disc is designated as the areal Zone. 
The invention further relates to a method for producing 

friction discs with an intentional expansion crack microstruc 
ture, that is to say a microstructure that is planned and formed 
deliberately in the friction layer. The method includes the 
steps of: 

preparing a preform for the Support body of porous carbon, 
which is preferably reinforced with high-temperature-resis 
tant fibers, 
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4 
preparing a preform for the friction layer body of porous 

carbon, which advantageously contains silicon carbide as a 
filler, 

adhesively bonding at least one friction layer preform on 
the Support layer body by an adhesive layer containing as the 
organic binder a thermosetting resin and optionally pitch 
and/or athermoplastic plastic, and at least one of the additives 
selected from elemental carbon, carbides, nitrides and sili 
cides of metals and semi-metals of groups IIIb, IVb and Vb 
according to the old IUPAC nomenclature, that is to say 
groups 13, 14, and 15 according to the new IUPAC nomen 
clature of the periodic table of elements, high temperature 
resistant fibers selected from carbon fibers, fibers of binary 
and ternary compounds of the elements Si, C, N, B, O, and P. 
and whiskers of refractory metals, 

pyrolysing the resulting composite material in the absence 
of oxidizing agents, thereby obtaining carbon from the 
organic binders, 

infiltrating the carbonized composite with liquid silicon or 
a liquid alloy containing a mass fraction of at least 50% 
silicon, thereby forming carbides of silicon and possibly of 
the other alloy components, and 

cooling the siliconized composite according to a selectable 
temperature profile in which an intermediate layer is formed 
from the adhesive layer by the steps of carbonization and 
infiltration with subsequent reaction to form carbides. 

According to the invention, the adhesive layer may be 
formed from: 

a carbon filament bundle mesh weave fabric with plain 
weave that is impregnated or coated with an adhesive, can be 
converted into carbon by heating in the absence of oxidizing 
substances to temperatures of about 800° C. or more, 
by uneven application of an adhesive, wherein the adhesive 

beads formed from the carrier may be applied preferably in 
the form of a grid, preferably intersecting at right angles, or in 
the form of a spider's web with concentric circles or spirals 
and radii that intersect these circles or spirals, by Screen 
printing or by a computer-controlled applicator, 
by Solidifying an adhesive on an anti-adhesively treated 

Smooth surface Such as glass or polished metal, by heating to 
a state (for phenolic resole resins in the “B-stage'), which 
allows the film that is formed by solidification to be punched 
out to create a grid-like overlay, and which later returns to an 
adhesive state under further heating before reaching the 
C-stage (formation of resite for phenolic resole resins) for 
cross-linked and non-melting thermoset. 

This adhesive is preferably a thermosetting resin or pitch, 
or a mixture thereof, wherein the adhesive may also contain 
other additives such as heat-resistant inorganic materials. 
Preferred as such are powders of silicon carbide, boron car 
bide, titanium boride, or boron nitride. According to the 
invention it is also possible to modify the adhesive by sprin 
kling with heat-resistant fibers such as fibers of carbon, sili 
con carbide or silicon nitride, also whiskers of ceramic or 
metallic materials, or mixing Such with the adhesive in Such 
manner that when the adhesive solidifies these admixtures 
cause the formation of anisotropic structures. The fibers used 
for this purpose usually have average lengths of up to 5 mm. 
The structure formed in the intermediate layer preferably 

has an average dimension parallel to the bottom Surface or 
cover surface of the cylindrical annular friction plate of the 
individual areal Zones that are transformed by carbonization 
into carbon-containing layers with different coefficients of 
thermal expansion of 0.5 mm to 10 mm, particularly prefer 
ably 2 mm to 8 mm, most particularly preferably from 3 mm 
to 7 mm, and especially from 4 mm to 6 mm. In irregular 
structures the average dimension of the Zones formed by the 
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structure is determined by image analysis, wherein the mean 
dimension is derived by averaging from the measured exten 
sions of each Zone, that is to say from the measured distances 
between the Zone boundaries, each in at least three equidistant 
angles (0°, 60°, 120°), preferably in four angles (0°, 45°,90° 
and 135°). The width of the cracks is preferably 0.05 mm to 
0.3 mm, more particularly at least 0.07 mm, and especially up 
to 0.25 mm if crack widths are too small, the beneficial effect 
on response to wet conditions is diminished, and if the crack 
widths are too large, wear of the brake linings increases 
disproportionately. The cited Zone has therefore been found 
to be particularly favorable in experiments. 

The thickness (extension parallel to the axis of symmetry 
or rotation of the cylindrical annular disc) of these Zones in 
the intermediate layer is preferably between 0.2 mm and 2 
mm in the carbonized state. 
The invention further relates to the use of the friction discs 

thus obtained as parts of braking and clutch systems, particu 
larly for motor vehicles. 
The Support body is preferably made from a ceramic mate 

rial reinforced predominantly with carbon short fibers or 
short fiberbundles and containing silicon carbide, silicon and 
carbon. Fibers with a length of up to 60 mm are referred to as 
short fibers. The bundles preferably contain from about 1,000 
to about 12,000 individual fibers. For the support body, it is 
also possible to create the reinforcement with long fibers 
(filament yarns or filament bundles, each preferably having 
1,000 to 12,000 filaments per bundle or yarn strand) having 
lengths greater than 50 mm. The fibers and filaments are 
usually carbon-containing fibers or filaments, preferably 
made from carbon or graphite, which are particularly prefer 
ably also coated with carbon. The mass percentage of fibers 
and filaments is in the range from 20% to 60%, the mass 
percentage of SiC is in the range from 30% to 70% and the 
mass percentage of Si is in the range from 0% to 30%, 
wherein all mass percentage values (%) are relative to total 
mass of the Support body. The mass percentage of unreacted 
carbon in the support body that is not present in the form of 
fibers or filaments is generally less than 15%. 
The composition of the friction layer is typically with a 

mass proportion of (short) fibers in the range from 0% to 35%, 
the mass fraction of SiC in the friction layer is in the range 
from 45% to 100%, and the mass fraction of Si in the friction 
layer is in the range from 0% to 30% relative to total mass of 
the friction layer. 

It is particularly advantageous for the friction disc accord 
ing to the invention if the abovementioned SiC content in the 
friction layer is at least 10% higher than the SiC content in the 
support body. This difference between the materials for the 
support body and the friction layer is also reflected in the 
densities thereof. The density of the support body is prefer 
ably at least 1.9 g/cm, more preferably between 2.2 g/cm 
and 2.5 g/cm. The density of the friction layer is preferably 
at least 2 g/cm, particularly preferably in the range from 2.3 
g/cm to 2.6 g/cm. The density of the friction layer is pref 
erably at least 5% greater than the density of the support body. 

In this context, in one embodiment the areal Zones having 
differing thermal expansion properties in the intermediate 
layer may be present as adjacent areas with dimensions in the 
plane parallel to the bottom or top surface of the disc-shaped 
or cylindrical annular body of preferably at least 0.5 mm and 
not more than 10 mm, particularly preferably between 1 mm 
and 8 mm; it is particularly preferable to form the intermedi 
ate layer as a fiber-reinforced Zone, wherein the reinforcing 
fibers are preferably provided as a woven fabric or braid, 
wherein each adjacent, preferably rectangular, particularly 
preferably square or approximately square Zones with aspect 
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6 
ratios of not more than 4:1, more particularly 1.5:1 to 0.7:1 
are formed, and more preferably the fiber orientation in each 
Zone is perpendicular to that of at least one of the adjacent 
ZOS. 

Another option is a loose bond of fiber yarn strands with 
fiber-free spaces, as in a woven mesh. It is also possible to 
construct the yarn strands with a twill weave so that diago 
nally intersecting or herringbone patterns are created in the 
expansion crack microstructures. 
The type of bond, and the most advantageous width of the 

yarn strand depend on the coefficients of thermal expansion 
of the ceramic compositions used for the Support body and the 
friction layer, the formation and domain size of the expansion 
crack microstructure in the friction disc may also be adjusted 
via the cooling rate after the infiltration with silicon, and the 
quantity of additive with nucleating effect on the crack for 
mation. 

Other features which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is described herein as embodied in 
friction discs having a structured ceramic friction layer and a 
method of producing the friction discs, it is nevertheless, not 
intended to be limited to the details described, since various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 
The construction and method of operation of the invention, 

however, together with additional objects and advantages 
thereof will be best understood from the following descrip 
tion of specific embodiments. 

DESCRIPTION OF THE INVENTION 

The invention will be explained in greater detail by the 
following examples. 

Example 1 

Preparation of a CFRP Preform for a Support Body 

A mixture of 15 kg carbon short fiber bundles with about 
3,000 fibers per bundle and an average length of 50 mm, 
which had been impregnated in a preceding step with an 
aqueous Solution of phenolic resole resin, Squeezed, dried at 
about 180°C. in a tumbling dryer, and coated with a layer of 
pyrolytic carbon at about 800° C. in a gentle stream of argon 
with carbonization of the phenolic resin deposited on the 
fibers, 6 kg graphite powder with an average grain size of 10 
um and 9 kg of a phenolic resole resin CELLOBONDR 1203, 
aqueous solution with a mass percentage of resin of about 
71%, Momentive Specialty Chemicals, Inc.) was mixed for 
five minutes in a high shear mixer.3 kg was removed from this 
mixture and placed in a glass mold, and compressed at a 
temperature of 180° C. and a pressure of 2 MPa to form a 
cylindrical annular CFRP body having a thickness of 30 mm, 
an outer diameter of 400 mm and an inner diameter of 200 
mm. After demolding, this body was carbonized in nitrogenat 
a temperature of 900° C. to yield a porous, carbon fiber 
reinforced carbon body (CFRC body). 

Example 2 

Preparation of a CFRP Preform for a Friction Layer 

To produce the friction-preform, 7.5 kg silicon carbide 
powderhaving an average grain diameter of 40 um was mixed 
with 2.5 kg of the phenolic resole resin CELLOBONDR) 
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1203, 300 g of this mixture was compressed to form a flat 
cylindrical ring disc having a thickness of 3 mm, an outer 
diameter of 400 mm and an inner diameter of 200 mm, and 
cured at 180° C., and after demolding was carbonized in 
nitrogen at a temperature of 900° C. to yield a porous carbon 
body filled with silicon carbide powder. 

Example 3.1 

Application of the Intermediate Layer With Mesh 
Fabric 

A pasty adhesive composition was mixed from 500 g SiC 
powder having an average grain size of 6.0 um and 500 g of 
the phenolic resole resin CELLOBONDR 1203 in a high 
shear mixer. This was applied as a full-surface layer with a 
thickness of about 1 mm on top of the porous preform for the 
Support body of Example 1 using a notched trowel. A carbon 
filament bundle mesh weave fabric with plain weave consist 
ing of 3 k carbon filaments (bundles with about 3,000 single 
filaments, the single filaments having a diameter of about 6 
um) and a distance of 5 mm each between the adjacent par 
allel filament bundles in both the warp and the weft was 
introduced into this layer, which was placed on the adhesive 
layer that was deposited over the full contact area. The fila 
ment bundles in this arrangement were thus partially impreg 
nated with the adhesive. One preform for the friction layer 
was then applied to the intermediate layer obtained in this 
way on each side of the Support body, the stack created was 
then bonded adhesively by heating and simultaneous appli 
cation of pressure (0.5 MPa) on an extruding machine 130° C. 

Example 3.2 

Applying the Intermediate Layer by Screen Printing 

The liquid adhesive of Example 3.1 was applied to the 
bottom and cover Surfaces of the cylindrical annular Support 
ing body by screen printing, forming an adhesive layer that 
was interrupted by 5mm wide furrows at a distance from each 
other and intersecting the layer at rightangles to form isolated 
square islands. The layer thickness of the adhesive layer was 
0.8 mm. The preforms for the friction layers were applied to 
these adhesive layers, and the resulting stack was compressed 
as described in Example 3.1. 

Example 3.3 

Applying the Intermediate Layer by Screen Printing 

A pasty adhesive composition was mixed from 500g tita 
nium boride powder having an average grain size of 4.5 um 
and 500g of the phenolic resole resin CELLOBONDR 1203 
in a high shear mixer. The liquid adhesive was applied to the 
bottom and cover Surfaces of the cylindrical annular Support 
ing body by screen printing, forming an adhesive layer that 
was interrupted by 5mm wide furrows at a distance from each 
other and intersecting the layer at rightangles to form isolated 
square islands. The layer thickness of the adhesive layer was 
0.8 mm. The preforms for the friction layers were applied to 
these adhesive layers, and the resulting stack was compressed 
as described in Example 3.1. 

Example 3.4 

Applying an Intermediate Layer as a Film 

A pasty adhesive composition was mixed from 500 g SiC 
powder having an average grain size of 6.0 um and 500 g of 
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8 
the phenolic resole resin CELLOBONDR 1203 in a high 
shear mixer. This was spread with a layer thickness of 1.4 mm 
onto an aluminum backing film and dried in a nitrogen stream 
in an oven at 90° C. The resulting composite film was 
punched out to form a lattice grid, wherein 4 mm wide webs 
were formed, intersecting each other at right angles and sepa 
rated from each other by Square spaces with side lengths of 4 
mm also. This film was placed on the pre-heated Support body 
with the phenolic resin side facing the body and slight pres 
Sure applied, and the aluminum backing film was then 
removed, wherein the film with the lattice structure remained 
on the porous support body. After the preforms for the friction 
layer were placed thereon, the resulting stack was pressed as 
in Example 3.1. 

Example 3.5 

Applying an Intermediate Layer as a Film 

A pasty adhesive composition was mixed from 500g tita 
nium boride powder having an average grain size of 4.5 um 
and 500 g of the phenolic resole resin CELLOBONDR 1203 
in a high shear mixer. This was spread with a layer thickness 
of 1.4 mm onto an aluminum backing film and dried in a 
nitrogen stream in an oven at 90°C. The resulting composite 
film was punched out to form a lattice grid, wherein 4 mm 
wide webs were formed, intersecting each other at right 
angles and separated from each other by square spaces with 
side lengths of 4 mm also. This film was placed on the pre 
heated support body with the phenolic resin side facing the 
body and slight pressure applied, and the aluminum backing 
film was then removed, wherein the film with the lattice 
structure remained on the porous Support body. After the 
preforms for the friction layer were placed thereon, the result 
ing stack was pressed as in Example 3.1. 

Example 3.6 

Applying an Adhesive Layer Using a Digitally 
Controlled Applicator 

A pasty adhesive composition was mixed from 5 kg SiC 
powder having an average grain size of 6.0Lum and 5 kg of the 
phenolic resole resin CELLOBONDR 1203 in a high shear 
mixer, and then thickened at 70° C. under reduced pressure 
until the residual water content (percentage by mass) was 
0.5%. The compound was deposited at this temperature on 
both sides of the Support body as 2 mm diameter strand in a 
rectangular chequered pattern with 6 mm separation between 
each rectangle by an adhesive Strand applicator. After the 
preforms for the friction layer were placed thereon, the result 
ing stack was pressed as in Example 3.1. 

Example 3.7 

Applying an Adhesive Layer Using a Digitally 
Controlled Applicator 

The same procedure was used as Example 3.6, but without 
the addition of the SiC powder. Ground carbon fibers with an 
average length of 0.6 mm were sprinkled onto the Support 
body with the adhesive strand coating, and the carbon fibers 
that remained unattached were blown off with a stream of 
nitrogen. A chequered pattern remained, wherein the adhe 
sive strands had a layer offibers. When a support body coated 
on one side was weighed, it was found that the remaining 
mass of fibers constituted 40% of the mass of the applied 
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adhesive. The preforms for the friction layers were placed on 
the support body coated on both sides and provided with 
carbon fibers in the manner described above, and the resulting 
stack was pressed as described in Example 3.1. 

Example 4 

Pyrolysis and Siliconization the Composite Body 

Siliconization was performed after pyrolysis of the bonded 
stacks of Examples 1.3 to 7.3 at 900° C. in a nitrogen atmo 
sphere to form a porous preform for the brake disc. Liquid 
silicon was introduced into the porous preformat a tempera 
ture of 1,700° C. and under reduced pressure (3hPa) through 
porous CFC wicks, and reacted exothermically with the car 
bon formed during the carbonization to form silicon carbide. 
During cooling to room temperature, the different coeffi 
cients of thermal expansion in the intermediate layer resulted 
in a state oftension in the resulting ceramic bodies 4.1 to 4.7. 
which tension was relieved at least in part by the formation of 
cracks in the area of the friction layer. The structure of the grid 
fabric introduced in this manner is reflected in the structure of 
the expansion crack microstructure of the friction layer. 

For comparison purposes, a bonded Stack consisting of a 
preform for a Support body was prepared, wherein only the 
phenolic resin described in the preceding was bonded to each 
of the cover surfaces of each preform for the friction layers. 
The stack was carbonized and siliconized in the same manner 
to form the ceramic body 4.0. 

Example 5 

Testing Response Behavior in Wet Conditions 

Ceramic bodies 4.0 to 4.7 were tested on a test bench under 
dry and wet conditions, in which they were decelerated from 
a rotating speed corresponding to a vehicle speed of 80 km/h 
to a rotating speed corresponding to a vehicle speed of 30 
km/h, with a contact pressure of 3 MPa on the brake linings. 
Graphs of the value of the Coulomb friction index during the 
braking period from 80 km/h to 30 km/h and the time elapsed 
were recorded for all brake disc pairs 4.0 to 4.7, each with the 
same brake lining material (lining bonded with phenolic resin 
containing by mass percentage 22% phenolic resin, 6% ara 
midfiber pulp, 20% barium sulphate, 10% potassium titanate, 
3% copper in fiberform, 3% calcium hydroxide, 10% ground 
peanut shells, 3% vermiculite, 3% mica, 3% styrene-butadi 
ene rubber, 3% molybdenum sulphide, 5% graphite, 4% anti 
mony Sulphide and 5% zirconium silicate) as the average of 
ten measurements for each. The results are shown in figures 
“Example 4.0 to “Example 4.7'. To measure wet braking 
performance, the brake disc rotor was sprayed with saltwater 
from both sides in the measurement chamber (3 L/min, mass 
percentage of sodium chloride in the salt solution of 3 g/100 
g, mass percentage of calcium chloride in the salt Solution, 0.4 
g/100g). 

In repeat experiments, the lowest dispersion of values and 
the shortest lag in the onset of braking action, which is to be 
considered seen as a diminution of the friction index after the 
first rise in the figures, was found for the brake discs of 
Examples 4.1, 4.2, 4.4 and 4.6. The surfaces of these brake 
discs had a uniform pattern of cracks on the friction layer with 
a mesh size of the cracks from about 3 mm to 6 mm. Thus, 
according to the method of invention it is also possible to 
adjust the braking characteristics selectively in the case of wet 
braking selectively, for example to a lowest possible fall in the 
friction index after the first rise, to the highest possible fric 
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10 
tion index in the second rise, or to the most constant friction 
value possible after the first rise. 

The invention claimed is: 
1. A method for producing a cylindrical annular friction 

disc having a microstructure being planned and formed delib 
erately in a friction layer, which comprises the steps of 

preparing a preform for a Support body of porous carbon; 
preparing a preform for a friction layer body of porous 

carbon; 
adhesively bonding at least one friction layer preform on 

the preform for the support body by means of an adhe 
sive layer containing as an organic binder a thermoset 
ting resin, and at least one additive selected from the 
group consisting of elemental carbon, carbides, nitrides 
and silicides of metals and semi-metals of groups 13, 14. 
and 15 according to the current IUPAC nomenclature of 
periodic table of elements, high temperature-resistant 
fibers selected from carbon fibers, fibers of binary and 
ternary compounds of elements Si, C, N, B.O., and P. and 
whiskers of refractory metals; 

pyrolysing a resulting composite material in an absence of 
oxidizing agents, thereby obtaining carbon from the 
organic binder resulting in a carbonized composite; 

infiltrating the carbonized composite with one of a liquid 
silicon or a liquid alloy containing a mass fraction of at 
least 50% silicon, thereby forming carbides of silicon 
and possibly of the other alloy components resulting in a 
siliconized composite; 

cooling the siliconized composite according to a selectable 
temperature profile, wherein an intermediate layer is 
formed from the adhesive layer by the steps of carbon 
ization and infiltration with Subsequent reaction to form 
carbides; and 

forming the adhesive layer as an uneven adhesive layer for 
assisting in defining a microstructure of the friction 
layer, the forming step for forming the uneven adhesive 
layer includes performing one of the steps of 
providing a carbon filament bundle mesh weave fabric 

with a plain weave impregnated or coated with an 
adhesive, the adhesive can be convertible into carbon 
by heating in an absence of oxidizing Substances to 
temperatures of about 800° C. or more; 

performing an uneven application of the adhesive by one 
of Screen printing or a computer-controlled applica 
tor; or 

Solidifying the adhesive on an anti-adhesively treated 
Smooth Surface to form a film, from which a grid 
shaped overlay is punched out, which later returns to 
an adhesive state under further heating before reach 
ing a state of a cross-linked and non-melting thermo 
Set. 

2. The method according to claim 1, wherein the adhesive 
is a thermosetting resin or pitch, or a mixture thereof, and the 
adhesive also contains other additives of heat-resistant inor 
ganic materials. 

3. The method according to claim 2, which further com 
prises providing heat-resistant inorganic materials as the 
additives, selected from the group consisting of powders of 
silicon carbide, boron carbide, titanium boride, boron nitride, 
and mixtures thereof. 

4. The method according to claim 1, wherein further com 
prises modifying the adhesive by performing one of 

sprinkling in heat-resistant fibers selected from the group 
consisting of fibers of carbon, fibers of silicon carbide, 
fibers of silicon nitride, whiskers of ceramic materials, 
and whiskers of metallic materials; or 
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mixing in heat-resistant fibers selected from the group 
consisting of fibers of carbon, fibers of silicon carbide, 
fibers of silicon nitride, whiskers of ceramic materials, 
and whiskers of metallic materials with the adhesive in 
such manner that when the adhesive solidifies the heat 
resistant fibers cause a formation of anisotropic struc 
tures. 

5. The method according to claim 1, wherein an average 
dimension of individual areal Zones in a structure formed in 
the intermediate layer that are transformed by carbonization 
into carbon-containing layers with different coefficients of 
thermal expansion ranges from 2 mm to 8 mm. 

6. The method according to claim 5, wherein a thickness of 
the areal Zones in the intermediate layer is between 0.2 mm 
and 2 mm in a carbonized State. 

7. The method according to claim 1, which further com 
prises: 

reinforcing the preform for the support body of porous 
carbon with high-temperature-resistant fibers; 

forming the preform for the friction layer body of porous 
carbon with silicon carbide as a filler; and 

forming the adhesive layer with at least one of a pitch or a 
thermoplastic plastic. 

8. The method according to claim 1, wherein which further 
comprises performing the uneven application of the adhesive 
to a form of a grid that intersects at right angles or in a form of 
a spiders web with concentric circles or spirals and radii that 
intersect the circles or the spirals. 
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